High quality rabbit skins are used in fur garments and trimming in medical and cosmetic researches. New Zealand White rabbits are the most popular meat producing and pet strain in the world (Oznurlu et al., 2009) . Lebas et. al. (1997) stated that the main importers of raw skins are developing countries with the low-cost labour to do the dressing.
Two types of hair follicles can be distinguished in rabbit skin; the primary and the secondary follicles. The primary follicles have a large diameter and rooted deep in the dermis and usually associated with sebaceous and sweet glands and emerges the primary hair fiber. The secondary follicles are smaller in diameter; their roots are superficially located and may have a sebaceous gland but lack a sweet gland and erector pili muscle and emerges secondary hair fibers (Monteiro-Riviere and Stinson, 1998) .
Hair fiber growth cycle is a complex event displaying cyclic changes and interactions between dermal papilla and germinal matrix cells. Dermal papilla sends chemical signals to release the germinal matrix cells, which proliferate and elongate the hair shaft and produce an inner root sheath in response to these signals (Stenn and Paus, 2001) .
Hair growth is a highly regulated cyclical process. Three distinct phases have been defined for the mammalian cycle: anagen (growing phase), catagen (regressing phase) and telogen (resting phase) (Soma et al., 1998) . The longer anagen phase results in longer hair fiber obtained. In Angora rabbit, prolonged growth phase (anagen) of the hair follicle growth cycle which lasts for approximately 14 weeks results in unusual length of Angora hair fiber. While in other rabbit strains, growth phase is shorter and lasts only 5 weeks (Allain, 2007) . Paus et al. (1990) and Lanszki et al. (2001) mentioned number of factors that affect growth cycle of the hair such as season of the year, nutrition, age, sex, health and hormonal status of the animal. Schlolaut (1985) reported that hair yield and characteristics are also affected by nutrition, breed, age, weight, holding system, climate and season of the year. According to Lebas (2000) Supplementation with vitamin E is necessary in rabbit farms that depend on concentrated pellets especially when alfa alfa is not a feeding gradient. Yamani and Stein (1989) reported that vitamin E deficiency was associated with reproduction problems.
Feed additives supplementation is an ordinary procedure in rabbit farms to improve rabbit's performance, increase immunity and enhance the growth rate by providing their requirements of vitamins, minerals and trace elements. Skin and hair disorders in growing female rabbits were reported by Shaw et al. (1974) who reported some clinical signs of Zn deficiency in the form of achromotrichia and some dermatosis and hair loss in growing female tan rabbits. They suggested that these syndromes were caused by an interaction the low zinc intake and biotin, pantothenic acid, folic acid or lysine. Hynd (2000) indicated to specific importance of copper and zinc in the nutrition biochemistry of wool and hair follicles. In contrarily, Anandan et. al. (1998) found no changes in body weight, wool yield, fiber length and diameter of adult German Angora rabbits supplemented with additional zinc and copper for consequent ninety days. The histological characteristics of the skin in the New Zealand White rabbit were suitable for leather industry (Oznurlu et al., 2009) .
Therefore, the present work aimed to study the changes in some coat traits and skin follicles characteristics of growing New Zealand white rabbits raised under the semi-arid conditions in the western north of Egypt with concerning the effect of some feed additives those usually used in rabbit farms at this area.
MATERIALS AND METHODS
Sixty growing New Zealand White rabbits aged four weeks and weighed (878.67±39.68g) were used in this study at Maryout Research Station belongs to Desert Research Centre, 35 km south west of Alexandria.
Rabbits were randomly divided to three groups (n=20), each group was housed in individual battery of galvanized cages where each cage contained four rabbits to avoid jostle and scramble of animals. Commercial pelleted diet were offered to rabbits ad libitum and fresh water was available to rabbits all the time. All rabbits were kept under the same managerial, hygienic and environmental conditions. The first group (G1) served as control, fed on commercial pellet of diet. The second group (G2) was supplemented with Micronil (1 ml/L of drinking water) as antimicrobial antifungal, antimycotoxins, hepatic-renal tonic and immune stimulator compound. Micronil is consisted of propionic acid, ammonium propionate, sorbitol, potassium, propynil glycol and vitamin E. The third group (G3) was supplemented with Turbocal forte (1 ml/L of drinking water) as a source of minerals and trace elements (ZnSO 4 100000 mg, MnSO 4 120000 mg, FeSO 4 120000 mg, KI 1000 mg, SO 4 85 mg, NaCl 48000 mg and orthophosphoric acid (85%) 108000 mg per each ml of the solution).
Skin biopsy samples were obtained from the right flank region and fixed by immersion in formol calcium (Barker, 1958) . After 24 hours, tissues were processed and stained with haematoxylin and Eosin for histological examination (Drury and Wallington, 1980) . Histological measurements included internal and external wall follicle diameters, follicle wall thickness and fiber diameter. The follicle wall thickness was determined by subtract of the average of internal diameter from the average of external diameter for each follicle. Histological parameters were measured using Image analyzer software (Zen, 2012, Blue edition) and device Carl-Zeiss micro-imaging Gmbh) with lenses 10/0.847 and 40/ 0,65.
Hair samples were taken by sharp clipper from a small area at the right flank as described by Rogers et al. (2006) . Five hundred pieces of hair fiber were randomly collected to determine the length and type of hair fibers which divided into coarse and fine according to the method described by Tao (1992) . Prickle factor measurement was determined by quantify the percentage of fibers >30 µm in width, these fibers capable of irritate humans when worn next to the skin (Rogers et al., 2006) .
Data of the experiment were analyzed by ANOVA a completely randomized designed according to Snedecor and Cochran (1982) by using SAS (2007) program using general linear model (GLM) procedure. Means were significantly separated using Duncan's multiple range tests (Duncan, 1955) were wed for the multiple comparisons.
RESULTS AND DISCUSSION
External diameter of primary and secondary skin follicle was affected (P<0.05) by the age of animal and the type of feed additive (Table 1 ). In the Primary follicles, the external diameter increased noticeably at six and eight weeks of age compared with its value at four weeks of age. Rabbits in G2 and G3 had lower external primary follicle diameter than those of control group. In the secondary follicles, another pattern of the effect of age was found; where the external diameter increased at the age of six weeks then return approximately to its value at four weeks when rabbits approached eight weeks of age (Table 1) .
The overall least square mean of external diameter in the secondary follicles of G2 was lower (P<0.05) than the other groups.
The internal diameter of the primary and secondary follicles was affected (P<0.05) by age and feed additives (Table 2 ). Internal diameter of the primary follicles increased at six weeks of age (by about 33.54%), then declined to an intermediate value at eight weeks of age. In the secondary follicles, internal diameter increased from four to six weeks of age, and then it decreased to its lowest value at eight weeks of age.
Internal diameter of the primary and secondary follicles was lowered (P<0.05) in G2 rabbits compared with the other groups. According to Hynd (2000) , little evidence implicating α-tocopherol (Vitamin E) in follicular Table 1 . Least square means (± S.E.) for external diameter of primary and secondary follicles in the skin of rabbits as affected by feed additives and ages. events. In contrast, Abdou et. al. (2007) found that vitamin E supplementation increased (P<0.05) in the external diameter of sheep skin follicles.
Hynd (2000) reported a direct effect of copper and zinc on follicle function but no evidence implicating the role of vitamin E in follicular events was found. These findings might explain the increased values of external and internal diameters of G3 compared with the G2. Turbocal forte supplemented to G3 seems to affect the follicle dimensions via the effect of zinc. Zinc is essential element for the activity of several enzymes and especially as an essential component in zinc-finger DNA-binding regulatory proteins of transcription; there are many entry proteins for zinc to play a role in hair and wool growth (Rogers et. Al., 2006) . Wall thickness, the distance between external and internal diameter, was affected (P<0.05) by age as a consequence of its effect on the external and internal diameters of the primary and secondary skin follicles (Table 3) . Wall thickness of the primary follicles increased gradually with the advanced age and recorded 25.89, 39.00 and 44.71 µm at four, six and eight weeks of age, respectively (Table 3) . In secondary follicles, wall thickness increased (P<0.05) only at eight weeks of age, while no significant difference was recorded between the ages of four and six weeks (Table 3) . Oznurlu et. al. (2009) reported that the primary follicles were distinguished with their large diameter and their roots reaching the dermis, whereas secondary follicles were smaller and the roots located superficially. Rabbits had compound hair follicles. Most of the compound hair follicles of the white New Zealand rabbit constituted of a central primary hair follicle and clusters of 2-4 compound follicles surrounding the central primary follicle (Figure 1) . The effect of feed additives on the wall thickness was obvious in the primary follicles where the wall thickness declined (P<0.05) in G2 and G3 compared with G1. In contrast, Abdou et. al. (2007) reported wider (P<0.05) wall thickness of the primary follicles in rams supplemented with vitamin E. On the other hand, feed additives did not affect the wall thickness of the secondary follicles (Table 3) .
Changes in fiber diameter as affected by age or feed additives were presented in (Table 4) . These changes followed the same sequence of internal diameter of both follicle types (Table 2) . In primary follicles, fiber diameter increased at six weeks of age compared with that of four weeks of age then decreased to intermediate value at the age of eight weeks (P<0.05). In secondary follicles, fiber diameter increased at six weeks of age to its maximum then it decreased to its lowest value at the age of eight weeks (P<0.05).
According to Schlolaut (1985) , up to the end of puberty at 4 to 5 months of age; three types of hair were distinguished. Infant hair tell the forth to fifth week of age, young animal hair from sixth to eighth week of age and juvenile at ninth to seventeenth week of age. Each phase is terminated by moulting. This indicated shedding might explain the reduction in fiber diameter at eight weeks of age.
Rabbits in G2 had the lowest (P<0.05) diameter values of fibres produced from both primary and secondary follicles compared with the other groups. Results indicated that the changes in fiber diameter happened as a consequence to the changes in follicles internal diameter. Similar results were reported by Abdou et. al. (2007) who found a significant decrease in wool fiber diameter in sheep supplemented with vitamin E. G3 had a higher fiber diameter than G2. It is possibly due to the effect of zinc in Turbocal. Hynd (2000) reported that zinc has a direct effect on follicle function, independent on effect of feed intake and is essential for normal keratinization of fibers.
Secondary to primary follicles ratio increased (P<0.05) at six weeks of age then settled to the age of eight weeks (Table 5) . No significant effect of feed additives was found on the ratio of secondary to primary follicles. Atlee et. al. (1997) reported that the fiber quality of wool-producing species is often expressed in terms of the secondary to primary hair ratio (S/P ratio).
Changes in the percentage of fine fibers with a diameter less than or equal thirty micrometer and prickle factor, that represents the percentage of fibers with a diameter greater than thirty micrometers, at different ages of study were illustrated in Figure ( 2). The percentage of fibers with diameter less than 30 micrometers decreased with age advance (P<0.05) where it was Table 4 . Least square means (± S.E.) for fiber diameter of primary and secondary follicles as affected by feed additives and ages. 97.73, 95.32 and 95.33 (%) of the rabbit fur at four, six and eight weeks of age, respectively. In contrast, the prickle factor Increased (P<0.05) with age advance from 2.27 % at four weeks to 4.68 and 4.67 (%) at six and eight weeks, respectively (Figure 2) . No significant differences were found between treatments in the percentages of fine fibers and prickle factor. However, G3 had a slightly lower percentage of fine fibers and a higher prickle factor compared with G1 and G2 as presented in Figure ( 3). The prickle factor measurement was originally devised to quantify the number of fibers with diameter more than 30 µm. These coarse fibers are capable of causing irritation to humans when worn next to the skin (Naylor et al., 1992) . Rogers et. al. (2006) reported prickle factor values of 3.5 and 11.3 (%) for genetically furred and furless rabbits, respectively. According to ASMT (2002) , prickle factor may assist to distinguish between fine fur fibers produced in secondary follicles and relatively coarse guard hair produced in primary follicles. Moore et al. (1998) reported a negative but high correlation between fiber diameter and follicle density was previously illustrated and selection efforts on wool-producing activities of skin would predominantly affect follicle density and fiber characteristics.
Fibers were visually classified to coarse and fine fibers; the average fiber length of coarse and fine fibers as affected by age and treatments was shown in Table 6 . It could be easily noticed that fiber length declined (P<0.05) at six week of age then increased again at the age of eight weeks in opposite trend to the average fiber diameter (Table 4) . Fiber growth is accumulation of longitudinal growth in length and cross sectional growth in diameter. It seems that there is a critical growth period at the age of six weeks that inhibited the longitudinal fiber growth while it stimulated the cross sectional fiber growth. Schlolaut (1985) reported shorter hair fiber length of 3-4 cm of the normal rabbits compared with Angora rabbits where fiber length ranges between 6 to 11 cm, he referred this difference to the prolonged active phase of the skin follicles of Angora rabbit. Fiber length of G2 and G3 was higher (P<0.05) than the fiber length of G1.
In coincidence with the results of Tao (1994) , coarse fibers had higher length than fine fibers (Table 8 ). Von Bergen (1963) stated that the rabbit's coat consists of two main types of fiber, relatively coarse guard hairs and fine fur (undercoat) fibers. Lebas et al. (1997) reported that quite apart from age of slaughtering and raising under poor conditions, the long coarse hairs in the coat that easily break and the unequal growth of the zones with shorter or looser hairs are two major defects that low pricing make rabbit fur. According to Rogers et al., (2006) , the guard hairs vary considerably in thickness and length but are generally longer than the fur fibers and thus project above the undercoat.
Conclusively, age has a significant effect on the primary and secondary skin follicles characteristics of the growing New Zealand White rabbits especially at the age of six weeks where a declined fiber length and increased fiber diameter were observed. Fine fibers consisted the majority of fur of the growing New Zealand White rabbits while the coarse fibers was longer than fine ones (P<0.05).
Supplementation with vitamin E or zinc increased the average fiber length of the growing New Zealand White rabbits but they did not increase the fiber diameter. This may encourage using these kinds of supplementations to increase the fiber yield without affecting the fiber diameter.
